g

LBL-11901
Preprint

UNIVERSITY OF CALIFORNIA

4
Submitted to Solar Energy
CALCULATING OPTICAL CONSTANTS OF GLAZING MATERIALS
Michael Rubin
August 1981
S

TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call
Tech. Info. Division, Ext. 6782

Prepared for the U.S. Department of Energy under Contract W-7405-ENG-48

-

[opl—



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, cxpress or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



Submitted to Solar Energy LBL~-11901
EEB-W-81-13
W=-75

CALCULATING OPTICAL CONSTANTS OF GLAZING MATERIALS

Michael Rubin

Lawrence Berkeley Laboratory
University of California
Berkeley CA 94720

August 1981

ABSTRACT

An exact analytic solution for the optical constants
of a homogeneous, dielectric material is derived in
terms of the transmittance and reflectance at normal
incidence of one parallel-sided layer.

This work was funded by the Assistant Secretary for Conservation and
Renewable Energy, Office of Buildings and Community Systems, Buildings
Division of the U.S. Department of Energy under Contract No. W-7405-
ENG-48 .
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INTRODUCTION

This note describes a simplified photometric method for calculating
the optical constants of homogeneous, dielectric materials. From these
constants, the radiation properties of a window or solar-collector covey
consisting of a series of parallel layers can be calculated for any
angle of incidence [1]. Many solar energy applications do not require
the accuracy of classical refractometric methods. Pettit [2] shows that
"effective” optical indices can be used to predict the angular proper—
ties of coated or scattering glazing materials. The method described
below can be used to find these effective indices as well as the indices
of nonscattering bulk materials. Where high accuracy is needed, this
method can be used for preliminary surveys of optical materials, espe-
eially plastics, which differ because of additives and density as well

as chemical composition.

Photometric techniques usually involve measuring transmittance [3]
or reflectance [4-6] of polarized radiation for at least three angles of
incidence. Three methods use unpolarized light: one uses three or more
measurements of reflectance at different angles [7]; another uses normal

transmittance measurements on two samples of different thicknesses
]



[8,9]: and the method described herein uses two normal—-incidence meas~
urements, one each of reflectance, R, and transmittance, T, on a single
sample. Any of these sets of measurements uniquely determines the index

of refraction, n, and the extinction coefficient, k.

The "two—transmittance"” method is appealing because no specialized
equipment is vrequired, and because transmittance is easier to measure
than is reflectance. However, samples of different thicknesses often
are not available. Alsoc, the "two~transmittance” method introduces an

approximation that causes the method to fail for high n and low k.

References 2, 10, and 11 state that, given R and T, no analytical
solution exists for n and k; instead they offer numerical or graphical
soclutions. We derive the analytical solution as follows. We assume
that the eample 1is specular and has little absorption ((nwl)2 >> kz)n
Accuracy is limited only by the photometric measurements and the vali-

dity of the above assumptions.
METHOD

Let r be the single interface reflectance at the boundary between
the sample and the air, at normal incidence, as given by Fresnel’s equa-
tion:
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If "a" 1s the absorptance on a single pass through a sheet of thickness

t, then Lambert’s law can be written as

X 2 l=-g = exp(~dt), (2)

where o = 4%k /% is the absorption coefficient at wavelength A. Counting
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all multiple reflections and summing the resulting infinite series gives

2
T(r,x) = A28 %X (3)
1 - r2x?
and
1 2.2
R(r,x) = r + ﬁmmEl“§§we (4)
rox
Expanding (4) and solving for x,
1/2
x(z,T,R)sf ZR‘”E j . (5)
{Ry = 2v -+
Combining (3) and (&),
R=r
x{(¢,T,R) = e (6)

Equating the right sides of (5) and (6) vresults in a quadratic equation

in v, the solution of which depends on only T and R:

1
242 - @12 - [(12 42 - @D)? - ar(2-R))?
v(T,R) = 3R . (7)
The index of rvefraction can be obtained by reversing (1):
1+ rl/z
LI VA (®)
1l =7 .

The absorption coefficient is obtained by first substituting the

value of r from (7) into (6). Then, from (2),

dt = =In(x). (9)
A sensitivity plot (Fig. 1) shows that the theoretical suitabllity
of this method increases in regions of low to intermediate n and low dt.
The optical constants of transparent glazing materials generally fall

within these ranges (n from about 1 to 4 and ot from 0 to 1) in the



solar and far infrared.
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Figure 1. Sensitivity of n and k to measurements of normal

reflectance and transmittance.






